/STTR

Small Business Innovation Research / Small Business Technology Transfer

NASA SBIR 2015 Phase | Solicitation

A2 Integrated Flight Systems

Lead Center: HQ

One of the greatest issues that NASA faces in transitioning advanced technologies into future aeronautics systems
is the gap caused by the difference between the maturity level of technologies developed through fundamental
research and the maturity required for technologies to be infused into future air vehicles and operational systems.
Integrated Aviation Systems Programa&#128;&#153;s (IASP) goal is to demonstrate integrated concepts and
technologies to a maturity level sufficient to reduce risk of implementation for stakeholders in the aviation
community. IASP conducts integrated system-level research on those promising concepts and technologies to
explore, assess, and demonstrate the benefits in an operationally relevant environment. IASP matures and
integrates technologies for accelerated transition to practical application, and supports the flight research needs
across the ARMD strategic thrusts, the Programs, and all research phases of technology development. IASP
consists of three projects, the Environmentally Responsible Aviation (ERA) Project, the UAS Integration in the
National Airspace System (NAS) Project and the Flight Demonstrations and Capabilities Project (FDC).

A

The FDC Project consists of an integrated set of flight test capabilities and demonstrations. The flight test
capabilities include the Dryden Aeronautical Test Range, and the aircraft required to support research flight tests
and mission demands. The project capabilities also include the Armstrong Flight Research Center (AFRC)
Simulation and Flight Loads Laboratories, which include a suite of ground-based laboratories that support flight
research and mission operations. These facilities and assets are able to perform tests covering the flight envelope
from subsonic through hypersonic speeds and include unique capabilities ranging from simulating icing
environments to modeling extreme dynamic situations

A

NASA will demonstrate the feasibility and maturity of new technologies through flight tests, utilizing collaborative
partnerships from across the aeronautical industry, and including international partners as appropriate. These
activities support research within all six aeronautics strategic thrust areas.A A

Subtopics

A2.01 Flight Test and Measurements Technologies

Lead Center: AFRC
Participating Center(s): LaRC

NASA continues to see flight research as a critical element in the maturation of technology. This includes
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developing test techniques that improve the control of in-flight test conditions, expanding measurement and
analysis methodologies, and improving test data acquisition and management with sensors and systems that have
fast response, low volume, minimal intrusion, and high accuracy and reliability. By using state-of-the-art flight test
techniques along with novel measurement and data acquisition technologies, NASA and the aerospace industry
will be able to conduct flight research more effectively and also meet the challenges presented by NASA and
industrya&#128;&#153;s cutting edge research and development programs. NASA's Flight Demonstrations and
Capabilities Project supports a variety of flight regimes and vehicle types ranging from low speed, sub-sonic electric
propulsion, transonic civil transport, and supersonic civil transport. Therefore, this solicitation can cover a wide
range of flight conditions and craft. NASA also requires improved measurement and analysis techniques for
acquisition of real-time, in-flight data used to determine aerodynamic, structural, flight control, and propulsion
system performance characteristics. These data will also be used to provide test conductors the information to
safely expand the flight and test envelopes of aerospace vehicles and components. This requirement includes the
development of sensors (both in-situ and remotely) to enhance the monitoring of test aircraft safety and
atmospheric conditions during flight testing.

Flight test and measurement technologies proposals should significantly enhance the capabilities of major
government and industry flight test facilities comparable to the following NASA aeronautical test facilities:A

¢ Dryden Aeronautical Test Range.

¢ Aero-Structures Flight Loads Laboratory.
Flight Research Simulation Laboratory.
Research Test Bed Aircraft.

Proposals should address innovative methods and technologies to extend the health, maintainability and test
capabilities of these types of flight research support facilities.

Areas of interest include:A

¢ High performance, real time reconfigurable software techniques for data acquisition and processing
associated with IP based commands and/or IP based data input/output streams.

¢ High efficiency digital telemetry technique and/or system to enable high data rate, high volume IP based
telemetry for flight test.

¢ Improve time-constrained situational awareness and decision support via integrated secure cloud-based
web services for real-time decision making.

¢ Intelligent health monitoring for hybrid and/or all electric distributed propulsion systems.

¢ Methods for significantly extending the life of electric aircraft propulsion energy sources (e.g., batteries, fuel
cells, etc.).

¢ Test techniques for conducting quantitative in-flight boundary layer flow visualization, global surface
pressure, shock wave propagation, Schlieren photography, near and far-field sonic boom determination,
atmospheric modeling.

¢ Measurement technologies for in-flight steady & unsteady aerodynamics, juncture flow measurements,
propulsion airframe integration, structural dynamics, stability & control, and propulsion system performance.

¢ Remote optical-based measurement technologies enabling simultaneous spatial/spectral/temporal
measurement capability in the infrared wavebands are desired to assess technology leaps in propulsion
system efficiency and to evaluate impacts to the environment. Temporal acquisition rates greater than or
equal to 1 kHz (full hyperspectral image cubes/sec) are desired to resolve performance information
commensurate with the expected phenomenology. Miniaturized fiber optic fed measurement systems with
low power requirements are desirable for migration to small business class jets or UAS platforms.

¢ Innovative techniques that enable safer operations of aircraft (e.g., non-destructive examination of
composites through ultrasonic techniques).

A2.02 Unmanned Aircraft Systems Technology

Lead Center: AFRC

Participating Center(s): LaRC
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Unmanned Aircraft Systems (UAS) offer advantages over manned aircraft for applications which are dangerous to
humans, long in duration, require great precision, and require quick reaction. Examples of such applications include
remote sensing, disaster response, delivery of goods, agricultural support, and many other known and yet to be
discovered. In addition, the future of UAS promises great economic and operational advantages by requiring less
human participation, less human training, an ability to take-off and land at any location, and the ability to react to
dynamic situations.

NASA is involved in research that would greatly benefit from breakthroughs in UAS capabilities. Flight research of
basic aerodynamics and advanced aero-vehicle concept would be revolutionized with an ability of UAS teams to
cooperate and interact while making real time decisions based upon sensor data with little human oversight.
Commercial industry would likewise be revolutionized with such abilities.

There are multiple technological barriers that are restricting greater use and application of UAS in NASA research
and in civil aviation. These barriers include, but are not limited to, the lack of methods, architectures, and tools
which enable:A

¢ The verification, validation, and certification of complex and/or nondeterministic systems.
e Humans to operate multiple UAS with minimal oversight.

e Multi-vehicle cooperation and interoperability.

¢ High level machine perception, cognition, and decision making.

¢ Inexpensive secure and reliable communications.

This solicitation is intended to break through these and other barriers with innovative and high-risk research.

The Integrated Aviation Systems Program's work on UAS Technology for the FY 2015 NASA SBIR solicitation is
focused on breaking through barriers to enable greater use of UAS in NASA research and in civil aviation use. The
following five research areas are the primary focus of this solicitation, but other closely related areas will also be
considered for reward. The primary research areas are:A

¢ Verification, Validation, and Certification - New inexpensive methods of verification, validation, and
certification need to be developed which enable application of complex systems to be certified for use in the
national airspace system. Proposed research could include novel hardware and software architectures that
enable or circumvent traditional verification and validation requirements.

e Operation of multiple UAS with minimal human oversight - Novel methods, software, and hardware that

enable the operation of multiple UAS by a single human with minimal oversight need to be developed which

ensure robust and safe operations. Proposed research could include novel hardware and software

architectures which provide guarantees of safe UAS operations.

Multi-vehicle cooperation and interoperability - Technologies that enable UAS to interact in teams, including

legacy vehicles, need to be developed. This includes technologies that enable UAS to negotiate with others

to find optimal routes, optimal task allocations, and optimal use of resources. Proposed research could

include hardware and software architectures which enable UAS to operate in large cooperative and

interactive teams

e Sensing, perception, cognition, and decision making - Technologies need to be developed that provide the
ability of UAS to detect and extract internal and external information of the vehicle, transform the raw data
into abstract information which can be understood by machines or humans, and recognize patterns and
make decisions based on the data and patterns.

¢ Inexpensive, reliable, and secure communications - Inexpensive methods which ensure reliable and secure
communications for increasingly interconnected and complex networks need to be developed that are
immune from sophisticated cyber-physical attacks.

Phase | deliverables should include, but are not limited to:A

¢ A final report clearly stating the technology challenge addressed, the state of the technology before the
work was begun, the state of technology after the work was completed, the innovations that were made
during the work period, the remaining barriers in the technology challenge, a plan to overcome the
remaining barriers, and a plan to infuse the technology developments into UAS application.
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¢ A technology demonstration in a simulation environment which clearly shows the benefits of the technology
developed.

e A written plan to continue the technology development and/or to infuse the technology into the UAS market.
This may be part of the final report.

Phase Il deliverables should include, but are not limited to:A

¢ A final report clearly stating the technology challenge addressed, the state of the technology before the
work was begun, the state of technology after the work was completed, the innovations that were made
during the work period, the remaining barriers in the technology challenge, a plan to overcome the
remaining barriers, and a plan to infuse the technology developments into UAS application.

¢ A technology demonstration in a relevant flight environment which clearly shows the benefits of the
technology developed.

¢ Evidence of infusing the technology into the UAS market or a clear written plan for near term infusion of the
technology into the UAS market. This may be part of the final report.A
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